Mint (Mentha sp.) is a member of the family Lamiaceae and consists of about 30 species (5) . Mint has been cultivated for thousands of years for the volatile oils that give the plant its unique fragrance, and several species are used in the food and medical industry, while some are grown as ornamentals. Several Mentha clones in the National Clonal Germplasm Repository (NCGR) in Corvallis, OR, exhibit symptoms typical of virus infection. One of the ornamental clones, M. × gracilis 'Variegata' (NCGR MEN 454.001), was first described in 1798 (17) . The clone exhibits dramatic vein-banding symptoms ( Fig. 1 ) that are graft-transmissible and can be eliminated by heat therapy and apical meristem culture. Symptoms become less dramatic during summer months. These observations indicated that symptomatology may be virus-induced. Doublestranded RNA (dsRNA) was extracted and cloned from NCGR clone MEN 454.001. Three viruses were identified in this clone: Strawberry latent ringspot virus (14) , Mint virus X, a newly described potexvirus (21) , and a newly identified virus belonging to the family Closteroviridae, which is described here.
A detection protocol developed for the closterovirus was utilized to screen the mint collection at the NCGR in Corvallis as well as mint clones from nurseries around the United States. During this process, other clones exhibiting mild veinbanding symptoms were found to be infected with the closterovirus, which was thus designated Mint vein-banding associated virus (MVBaV). The nucleotide sequence of more than 8 kilobases has been obtained, including the helicase domain of the replicase, the polymerase, heat shock protein 70 homolog, coat protein homolog, one of the coat protein genes, and two putative genes of unknown function. Sequence and phylogenetic analysis indicated that MVBaV shares characteristics of all three genera of the family, making it a candidate as a progenitor for the family Closteroviridae.
MATERIALS AND METHODS
Virus transmission. Since virus purification from mint yielded few virus particles as judged by transmission electron microscopy, attempts were made to transmit the virus to other herbaceous plants. Eight DsRNA extraction and virus purification. DsRNA extraction was carried out as described previously (18) . Virus purification was performed according to the method of Martin and Bristow (10) . The virions were visualized after negative staining of the virus preparation with 2% ammonium molybdate.
cDNA synthesis, cloning, and sequence analysis. cDNA synthesis using NCGR MEN 454.001 dsRNA templates was performed with the method of Tzanetakis et al. (19) . Briefly, dried dsRNA from 4 g of tissue was denatured for 30 min at room temperature in a mixture of 1 µg of random hexameric nucleotide primers and 20 mM methyl mercuric hydroxide in a volume of 7 µl. Reverse transcription mix consisting of 50 mM Tris acetate (pH 8.4), 75 mM potassium acetate, 8 mM magnesium acetate, 20 mM DTT, 0.4 mM deoxynucleotides (dNTPs), and 200 U Superscript III reverse transcriptase (Invitrogen, Carlsbad, CA) was added to a final volume of 50 µl. After brief incubation at room temperature for 2 min, the reaction was carried out at 50°C for 60 min. Second-strand synthesis was performed in the same tube after addition of 2 units of RNase H (Invitrogen) and a mixture of AatII, EcoNI, HpaI, and NcoI restriction endonucleases (20 U each). The reaction was then incubated for another 60 min at 37°C. DNA was then purified from the reaction utilizing the polymerase chain reaction (PCR) purification system (Marligen Biosciences, Ijamsville, MD) and eluted in 50 µl of water. Taq polymerase (New England Biolabs, Beverly, MA) (2.5 units), the buffer provided by the manufacturer, and 0.2 mM dNTPs were added and the reaction was incubated for 30 min at 75°C. The cDNA fragments were purified as described above, eluted in 20 µl of water, and 4 µl were used for cloning into the pCR 4.0 TOPO (Invitrogen) vector according to manufacturer's instructions. The sequence presented here was obtained essentially as described previously (20), using primers developed from sequences obtained from the shotgun cloning and PCR to fill in gaps utilizing Takara LA polymerase (Takara MirusBio, Madison, WI).
Detection. RNA was extracted as described previously (18) from 100 mg of tissue. Two sets of primers were utilized for detection of the virus, Pol F (5′ ACTA-GAGATCCTTCGGCACTCAAGC 3′) and Pol R (5′ TTATAAGCGAATCCTGCGA-CTTATC 3′) that amplified a 382 base pair (bp) fragment of the polymerase gene and CP F (5′ AATTGTATGGCAGGAA-GTGAA 3′) and CP R (5′ GTCTGAAT-GACGTTGACTTCTT 3′) that amplified 318 bases of the coat protein gene. Reverse transcription was carried out as described previously (18) utilizing Superscript III (Invitrogen). PCR was performed utilizing Taq polymerase (NEB Biolabs, Beverly, MA) according to manufacturer's recommendations, in which part of the RT reaction, 10% of the final volume, served as template. The reactions consisted of 20 mM Tris-HCl (pH 8.8), 10 mM KCl, 10 mM (NH 4 ) 2 SO 4 , 2 mM MgSO 4 , 0.1% Triton X-100, 0.5 µM of the virus-specific primers, and 0.2 mM dNTPs. The PCR program was initiated with a 5-min denaturation at 95°C, followed by 40 cycles of 30 s at 94°C, 30 s at 55°C, and 30 s at 75°C. The program concluded with an extension step of 10 min at 75°C. The reaction products were separated by electrophoresis through a 2% agarose gel containing 100 ng/ml of ethidium bromide and visualized under UV light (Fig. 2) . More than 10 amplification products were sequenced to verify the specificity of the products, and all were nearly identical to the original sequence obtained for MVBaV. Several plants from the NCGR collection and 'Variegata' plants from Maryland, Michigan, Nebraska, Ohio, and Oregon were tested for the presence of MVBaV.
Sequence and phylogenetic analysis. Sequences obtained by shotgun cloning were compared with sequences found in GenBank using BLAST (2) to identify MVBaV sequences. The consensus of the sequence presented was obtained with ClustalW (16) . Comparisons of the closterovirus proteins were performed on BLAST (2) (helicase, polymerase) and MatGat (3) (HSP70h). Analysis of the transmembrane motifs was performed on the CBS Prediction Servers (9) . PAUP* 4 ver. 10 (15) was utilized for phylogenetic analysis. Maximum parsimony with heuristic search using the tree bisection reconnection swapping algorithm was chosen for the reconstruction of the phylograms. Bootstrap analysis consisted of 1,000 pseudoreplications.
RESULTS
Virus transmission. The NCGR MEN 454.002 clone was tested for the presence of all three viruses by dsRNA isolation and reverse transcription-polymerase chain reaction (RT-PCR) and was determined to be virus-free prior to its use in the aphid transmission studies. All indicator plants tested negative by RT-PCR for the presence of the virus 1 month after mechanical inoculation. Eleven of 20 mint plants inoculated using aphids fed on the MEN 454.001 isolate and four of 10 plants inoculated with the Ohio isolate tested positive for the virus by RT-PCR. All 15 plants infected with MVBaV after aphid transmission remained asymptomatic for a period of 6 months after aphid transmission. Several of the PCR products from the transmission studies were sequenced and confirmed that the amplicons represented the expected viral sequences.
Virus purification and dsRNA extraction. Virus purification, performed twice, yielded a minimal amount of virions. Long filamentous virions of about 1,500 × 12 nm (n = 5) were observed (Fig. 3) . DsRNA was extracted from three plants used in the aphid transmission study, and detection for all three viruses found in NCGR 454.001 was performed in these plants yielding amplicons only for MVBaV. The dsRNA pattern extracted from one of these plants is shown in Figure 4 .
Detection. (Fig. 5) , one M. spicata, and two M. × piperita clones that showed yellow vein-banding symptoms were also infected with MVBaV but not the other two viruses found in MEN 454.001. These plants were tested with both sets of primers used for detection, and all amplicons were sequenced to verify the results.
Sequence analysis. More than eight kilobases of nucleotide sequence of MVBaV (GenBank Accession No. AY548173) were acquired by a combination of the shotgun cloning and RT-PCR. The 5′ proximal region contained the helicase signature motifs of the virus and was 264 amino acid (aa) residues long (4). The region shows over 35% aa sequence identity and 49% similarity with the most closely related species of each genus of the family ( Table  1) . The viral polymerase is probably expressed by a +1 ribosomal frameshift as is the case with other members of the family (1, 6) . The putative polymerase contains 520 aa and has a mass of 59 kDa containing the eight conserved motifs of RNA dependent RNA polymerases between residues 189 and 427 (8) . The similarities and identities of the polymerase conserved motifs region of MVBaV with the most closely related members of the three genera of the Closteroviridae is shown in Table 1. A small hydrophobic protein of 6 kDa whose homologous gene in Beet yellows virus is involved in virus movement (13) follows the polymerase gene. A transmembrane helix of this protein is predicted between aa 15 and 32 (8) . Six nucleotides after the stop codon of the small hydrophobic movement protein is the start codon of the trademark gene of the family, the heat shock 70 homolog protein (HSP70h), a gene also involved in virus movement (12) . MVBaV HSP70h is 566 aa long and has a predicted mass of 63 kDa. The homology with other closterovirus orthologs is shown in Table 1 . An open reading frame (ORF) newly identified as a coat protein homolog (CPh) (11) is found downstream of the HSP70h gene. Orthologous genes are found after the HSP70h of other closteroviruses, and the protein is involved in virus movement and virion assembly (11) . The ORF is 527 aa long with predicted mass of 62 kDa. A coat protein gene that codes for a 25 kDa protein (231 aa long) follows the CPh ORF. The CP protein shows homology with both types of coat protein genes of other members of the family, and thus it could be either the major or minor coat protein of the virus. The putative coat protein gene is followed by an ORF encoding for a putative 15 kDa protein with no significant homology to any other protein in the database. The final ORF presented in this communication is a putative protein of 204 aa and 24 kDa, without significant homology to viral proteins.
DISCUSSION
A new member of the family Closteroviridae, infecting mint, Mint vein-banding associated virus, is presented in this communication. The sequence information presented, the comparison of three conserved regions of the genomes of members of each of the three Closteroviridae genera and MVBaV (Table 1) , and the phylogenetic analysis based on the conserved motifs of the polymerase and the HSP70h gene (Fig. 6) indicate that MVBaV shares characteristics with all three genera of the family, placing the virus at the center of the family as known today. While there are another two members of the family, Little cherry virus-1 and Grapevine leafroll associated virus-7, that are not assigned to any genus of the family, sequence analysis reveals that both viruses share similarities with members of the Crinivirus genus rather than the other two genera, unlike the case with MVBaV. There are two possible explanations for the origin of MVBaV. The virus may be an ancestral member of the family, a virus that emerged before the division of the family into the three genera, or alternatively, it may be a product of multiple recombinations between members of the three genera. Transmission studies indicated that the virus is transmitted by the mint aphid, which may provide an insight into the mode of transmission of the progenitor of the family. The virus is presumed to be monopartite, because particle length is longer than virions of the Table 1 . Amino acid sequence identity and similarity (in parentheses) of the Mint vein-banding associated virus helicase and polymerase conserved motifs and the heat shock protein 70 homolog (HSP70h) for the most closely related members of the three genera of the Closteroviridae a Virus name, amino acid identity (similarity)
Region
Closterovirus Ampelovirus Crinivirus Crinivirus genus, and because the sequence data presented span the genome region that would normally represent part of RNA 1 and RNA 2 of the criniviruses. In addition, the dsRNA pattern seen in Figure 4 indicates that the genome exceeds 14 kb, the size of the genome reported in ampelo-or closteroviruses.
The sequence diversity within closterovirus species is well established (7 and references within). In order to minimize the possibility of false negatives in RT-PCR detection, two sets of detection primers were developed. All plants that tested positive for MVBaV with one primer set also tested positive with the second set when such a PCR reaction was performed. This may be an indication that these plants were infected with closely related isolates, or alternatively that MVBaV does not show the extreme sequence diversity of other closteroviruses. The latter would argue against the hypothesis that the virus is a progenitor of the family Closteroviridae.
MVBaV was not found in all 'Variegata' clones tested, an indication that the virus is not the causal agent of the symptomatology. The positive plants in the aphid transmission studies were also asymptomatic. While MVBaV causes no visual symptoms on M. × gracilis, it appears to cause vein-banding symptoms in other mint species. The effects of the virus on plant vigor and oil production remain to be determined.
The detection tools developed will be utilized in a survey in the major mint producing areas of the United States to determine how widespread the virus is in both commercial fields and nurseries. Preliminary results have verified the presence of the virus in Oregon and Colorado (I. E. Tzanetakis, unpublished data).
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